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7l ^-g-^7> ^^^^ ^iffl^m: ^71 Cl-ol^^ ^^^o|l oV3}-^ :^^Al«.5q.; >^7l 7] ^ 

^«.ofl o>a}-£]n^^ #^^<^1 ^71 ^^^^ W^l^l*; i^s^H T^^^^li^^, 

7l -r-§-^7> ^^^^ ^^^]9^; ^^7] v\o]^^ ^-g-^oil <L>^^^ ^^^-¥-sf; ^^il7l ^ 
-S-^<H1 ^^^sl'^, ^^g^^^^l ^7l ^^^^1- *^^>£-^ ^^i;i7l»; ^^^51 

ofl Jl^jS^o^ o.^7].^^l.o^ ^^J-i]7l^ ^<y^^<^l^i S^^^ ^^1 #^^^5. 2: 
^«>^ 5L^*>^ ^^^7l "g^l^ ^ 4^^711- ^l^-^O.s>^, 7>^ ^^^7l7l- ^ 

S. 1 

^^^71, ^ ^^7l, ^ ^^71. 'S.^i(MEMS) 
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^^^^7] -^^l^ ^ ^^7] ^ ^ 71 {OPTICAL RECEIVER AND TRANSMITTER WITH 
INTEGRATED VARIABLE OPTICAL ATTENUATOR} 

il i^^l £6^ ^ ^"^S] ;^ll^Alc^lo^ ^2:1- ^^o^S.^], 

-E.3^ 3E2^ ^^'jd m-m'^1 

£1^ ^T^^-T-^ -^V^l-S 
£5^ £151 ^^i]7l5l ^5fl A>A]£ 
£6^ £1^ ^^^l^l A>Al£ 

£8^ ^^i]7l^ 
£.10 vfl^l £13^ ^ ^13^A1<^1^ £Al^ ^-^S^l, 

£10^ 7}^ ^^il7l ^ ^^713] A>AliE. 
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£12^ S.102] 7}y^ :^^i)7l2] A>A]£. 

:£13^ 1^10^ ^^^l^l Aj-Ajs. 

il5^ il4^ 7>^ ^^4^7] <a^l^ ^ =T^^7l5^ 3^13 S. 

S.16^ S.15^ XVI-XVI«fl 4^ ^i^i 

:£17^ S.14S^ Al-Ajs 

£18^ £14^ ^^^7l2l A>AlXE. 

£.20a ^ i20b^ ^ ;^14^a1o^1o^ ^Tll^^ ^^]^ 

l: ^^^1 2: ^^4^7] 

3: 4: :^^a1^ 

12: cfol^jE. ^^-^ 13: ^^4^7] ^-g--^ 

22, 62: ^<2fl:^o11olE^ 23: t>^^^ 

24, 64: p>o]3.^ xi]^] 41: rfoj^c ji;^^-g- 

84: ^V^^ 223, 623: ^iH^^ 

224, 624: ^.ow^e o] b] Jl^-^ 

225, 625: ^"S^-^-^l ^1 7>-g-f- 
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<34> ^ ^ ^^7l ^ ^^^7lofl ^^S-Ai. >^>^^l*>7ll^ 7]-^ ^^4:l7l7> ^^jS. 

^ ^^^7l <^^1^ ^ 4^Al7l ^ ^^^71^1 ^tb 
<35> sl^o] 71^^ Cf^S^ ^^^^ ^ ^-a-^ ■i-^7l#3l 

9] t^]o]B\^ i^tt ^EiDiiq<>i 51^2)-, -^i-yj-^ cflsi-^ cfl^, 7l-<a;^> 

<36> ^^A] 71 #2^ ^^Jlf Dl^Oj 7]-^ ^^^^ ^ c-^ ^ ^^S^Jl SX^t]] , ^ 

^f-AluJ-oflA-] Z^-Z^-S] ^X>-i-ol ^Al7lu|- ^^7] ^oflA-l Uj-^^ #^o^ ^SOIlAi^E^ ^A] 

7]^ *<H7V^ ^^o\] ol57]^7>^l -^^S^ ^ S^^JiS. ^^S\7] nfl^olc].. cfT^ 5^ ^ 

^^-H- ^^'^-'Hl^i ^itAl7l7l ^^flAi^ JL;=g ^^^7l7> A>-g-SlJl ^ , WDM 

3_o\]A^ C^^o^ ^fl^o)] tflf}- ^AlJ^o^ 3711- S^*>7l 7>^ ^^7l7> 7M^:il ^t:]*. 

<37> ole^^ S.^^ ^ i^^^] ^;^>S.Ai 7fl^^ bulk opto-raechanical 

^^^], i^^l, el-i-M^yfl«5lH(Lithium niobate) ^^^^1, Aj-g-^ 
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(thermo-optic) ^^^] ^""^^ ^l^o] Af^^ dii;^>#<il 9X^^, ^^^^ ^S., 

^^s. 7l-<a;^V oiBi3|io]>,^ ^^^^}7\] ^^^^ ^ $XSi^. ^^<H1 ^ 

71- ol-g-tb feel ^^31S.7> o>ia ^ ^ ^trfojij.:^, eflo]^^ cfol^c - o. 

^. ^2fl^ ^^^^7l ^ ^^il7lfe 7M^^ ^^^S]C>1, ol^-o. ^vijE]^ 

7^9] S.^^ ^^^*>^4. 42l-^-1, 3.7]7} 7]:^]i^, 7>^ ^ Z^- 

2:^<^] -^-^S. 7>^ o] ^^o] oj^z^, 

^ ^^^^ ^^1^* ^^^Vji;^> ^^^^i, 7>^ ^^^7]7} <uns. 

7}^ %^^7] ^^1^ % ^Al7l ^ ^^^7l« /Hl^^^ ZL tbl=l-. 

7l ^-g-^7]- ^^J^ ^^^j^q-; cfo]^^ ^-§"^011 tb^^^ ^7] %^^^7] ^ 
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J1^S\0] 0.^p}i=.t}X^ ^7^^7\0\ ^0^^^6\]A^ ^o] ^7] OjAV£|^ Oj:^ 2. 

<42> ^ ^t^^ ^^^6\] ^-g-^7> ^^^^ ^^^isq-: '^■71 

cfo]^= ^-g-«-oii oy^^ ^^-tl^sq-; ^7] ^^^7l ^-g-^<^l <?>^>sli^. ^^g'^^ol ^7] ^ 

<44> cfuV^ ^ ^^^ofl 71^ ^^^^] tfl^ ^^l^^ol ^^T^ol ^ 

<45> £1 vfl^l ^ ^^^^ ;^]l^Al<^lo^ ^^1- £A]tb Sio. ^y^^7] 

■^^fl^ ^ T^^7l^ £2^ £1^ 7>i^ ^^il7l <^^1^ ^ ^^7l^ ^'SS, £3^ £ 

<46> Ol-i- S.^o\] HA]^ H>fil- ^Ol, ^ ^Vi:go] pH11^^1<^1^ 7>^ ^^^17] <a^l^ ^ ^Aly] 

^^^1(1)^, ^7] ^^^l(l)fi1 -i^lsjc^ MEMS 7]^^ oj^^H ^^^71(2) 

^. ^71 ^^d^7](2)^ ^*a^^(3)3i-. >a-7i ^<a^^(3)ofl>H ^ 
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<47> ^V7l :t^^](l)^ ^eflolB ^Jl 9X^^. ^^^^(4)7} <U^^ 

^^lofl oj.^}-^ OJ^S. ^a:|7l >-^«(i3)7]. A«a5lo1 ^^^S)^, ^o]^^ >-^«.(12)fi1. >^ 
71 ^il7l ^-g-^(13) ^^(15)<H1^ ^-^^ ^ oxs,^ ^^-i-5.(14)7> 

^V7l Cfo]^^ >.^a.(12)o^ tt].n4-i^ofl^ ^V7l ^^^7l(4)l- ^ #Cl(121)7> 

^l^'^. ^7] ^^7] ^-§-?-(13)Sl ^^a:l7l(2)# JL^^ ^ #t:-1(i31)7> 

<48> ^1-71 :^^AlW-(4)^ ^V7l cfol^c ^^a.(i2)ofl oj-^j-s] o:| Jl^^Sl^ C^-o]^^ Jl^-§- 1- 

^(41)4, ^oM Jl^^-g- 1:^(41)^ ^^^<^1 31^^^ ^^<^]±^(42)S. 
<49> ^V7l ^^4il7l(2)^ 7l:&#(211)5l-, >^V7l 7m#(211)^ Jl^ 

^(212)3[, ^7] J1^#(212)21 ^^^o\] 7]%%^m3)^S. ^^d^cf. 

^]^]i24)Si^, ^7] v}o]3,s. tils1(24)» ^^^>£^ ^^^m #^-^^<='fl<^lEl(22)5q-, ^^-71 t^I 5| 
(24)oflAi tiVAV^ ^c] #^^(226)ol ^^^€i=f. 

<51> ^j-7l ^<3^^<^1o1eK22)^ ^>7l JL^i#(212)<^l ^7] 7] :^f^(211)ofl JL^ ^ ^ 

^ ^^1-^ ^"^fl^oflolE-l JL^ -^(224)54, ^7] n>olas Tilsl(24)7> ^^o] ^ 

7] ^o^^oflolE-l Ji;^:^(224)Sl iEcflS *>^<^1 Jl^#(212)ol ^z]-s]ol ^7] 

^V-f 7l4a:#(211)2l- oj^slo^ ^Aj^ ^6^^011 ojE^ 71-^-f (225)^1-, 'U'^^ ^7] ^oV^6\]o]b\ 
7>^^(225)<^1 '^^^Jl Jl^^(222)<^1 JL^^ ^^^-¥-(223)1- ^^^}^ 
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<52> ^^7] Jl^^(222)^ J1^#(212)<^1 3]n t}^ 7]^ojl ::L>gS]c^, ^^-^l 7>-^-^(225)5^- ^ 

71 >iH^-f-(223)s1-. ^7] D>olHS. Dlei(24)^ Ji;^^f'(212)o] ^z^-sjo^ i}:^ 7]^ 

(211)<^1>H 'S-Hflolcf. 

<53> ole]^V ^7^^7]^ 7l:ia:(211) ^<=^ -^7] JL^^(212)* ^#^>Jl, ^ 

7] J1^#(212)>^H1 ^7] JI^ ^(222)4. ^7] ^^A^<>\]o]B\ ZL^-^(224)sq-, cf^ 7]:^ 
(2l3)o1 ^7] J1^#(212)<^1 71^(211)011 Jl^^sl^ :^^d\] P>^a 

<54> Aj-7] ji^^^ p].>,3 T^^dl >^>w. 7laa:(213)^ ^^^}:^. ^-^ 71^(213)31 -^"^ 

oil ^«5fl-^o]lolBl (22)5^1-, ol-olas ole-l(24)Sl- 7^(213)^1 ^^^^1 ^ 

7l^ p>>i3 t!:i=l-. 

<55> 7l:i^ D>>,a. :^ 7^(213)* ^^l"^* ^"•l-g-^H ^^*><^. 

^'^^c]]o]B\i22)^ ^^a-fr ^^^(23)21- p>ola.^ 1^1 si (24)^ ^^^tb ^, 4^^t!:cl-. 

<56> cfAl J7;^j2.(212)^ ^Zl-<2llO.^ ^^^><^ -^M oBEc,i]olBl 71-^^(225)^. ^^^J?- 

(223)^1- p>olHS. nleK24)Sl ^:^6\] j7;g^(212)^ >ll7lt!: ^ 

<57> ^j-7l ^<a^^(31)^ ^^^-^S ^^i^o] ^7] ^^4^ 91^^(23)^] Jl^^c].. 

7l ^-^^(31)^ ^^(^l£^l)7V ^^^^-i: ^cH^m ^ ^1=1-. 

<58> >^7] ^^^S(14)^oHl ^^71- ^^^1^ ^£ o^Cl-. 

<59> o]^^ ^ ^x^o^ ^lU^AHlo^ ^^6\] ^^c^ ^^^t]., 

<60> £7a ^ i£7b^ ^'^Sl ^^lll^AHlo^ ^^^^^ S.A1*]; sgiasolcj-. 
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<62> nam, #«-^^«HlolE.K22)^ 7>^-^(225)5+ Jl^^(224)<Hl 

Sl^, oi^o] ^-g-^>c^, SVbsq- ^o] 7V-S-^(225)7> Ji;^^-^(224)ofl 7}^A] o]^^ ^>t^ , 

7>-i-^(225)«Hl <?1^€ ^><^la.S. i:^leK24)£ £7b^ *>«J--^S. c]^^ §>7ll ^cf. 
<63> tt)-e|-Ai, <a^^(3)<HlAi <^A}^ >a-7l T^V^laS. i^l&|(24)ofl «]:A>s|o1 .^Vj] ^rfo]^ 

^(42)<^l^i "-^^ 9iM-7V7fl <i^A>^i4. HBl^Vcx^, '^1-71 ^i:fo]^^(42)7> ^#3r>^ <y=^ 

<64> nelJl, 7>^^(225)5q- JI^^(224) A>ololl ^o^^ ^o^^TlM-, ^*>» >fl7l*>ia 

, 7V^-^(225)^ £7a<Hl ^2flSl ^^€i=l-. 

<65> ^7]S>\. :^o]^ M. i^Vtgo] ^Hll^Alc^l^ ^y^^y]^ ^ ^^7]o\] '^^^]]S. ^ ^-^-S-^i . 7fl 

<66> ^A^^^SAi. ^Cfol ^^(42)55)- ^4:|7l# ^ ^t!: ^ ^1 <=^1 '^T^'- 

<67> :n.elJl, ^^^7l^ 7}^^S>[ Jl^^^o\] 74^^ ^<^^6\] g]^ 3^ y^^^^ 7>^^o.^ 

<68> £8 ^ £9^ ^ ^"^^ ^l2^Al<mo] :£Alt!: S-Ta-^S-A^. S.8^ ^;?J-i)7l^ a>a1 
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<69> ;^l2^Alo^l^ ;^ll^Al<:^lSf ^^^^7]6\] oXo]^.^ ^}o\7} ^ , ZL o]<l]o\ ■i-<a^>:E. 

<70> ^ ^tgo^ ;Hl2^Al611o^ ^7] ^^i)7l(6)^ t}^ 7]:^^(611)^, ^7] *>-^ 7l:^#(611) 

^ '^^^<^1 Jl^^^iei2)3^, -^7] JL^%^(ei2)^ ^-^ofl 71^3:^^(613)^5- ^ 

<7i> a^V, ^^1-^71(6)^ ^S]^^(3)ol ^^^tlr ^^1<=>11 

^]^](64)^, ^7] ^}o]^s. T3]e^(64)l- ^-^^ViE^ ^-^^m ^^-^'^l ^^62)71- ^^^^cf. 

<72> >a-7l ^oPE.oilolEK62)^ ^oM Jl^jf^(612)<Hl S^tfl >a-7l e>-^ 7]^^(611)<^1 ^ 

7] ^^-^■^•^lolB] Jl^^(624)^ 91^^ ili^S. ^}^^] Jl^#(612)ol ^zl-Slo^ .^7! 

^1--^ 7l^f^(611)^ ^1^51^ #<^-^^<^l<^lE-1 7>^^(625)5q-, ^ofljeoflolEl 

7>^^(625)<^1 JL^^^(622M JL^i^ ^^S.^^(623)t i^^fo^ 

<73> ^7] Jl^^(622)^ JL^#(612)oll 71:53:011 Jl^slc^, >a-7l 7V-^^(625)fil- ^ 

7i >;^^-^(623)5!l-, u>oia^ ^]^He4)^ ^V^^i j7^^#(6i2)<sl ^^5l<H ^^v^ 7m 

(611)0)1 Ai ol^^ ^>Bflc>li:l-. 
<74> ol^V, ^1^^ ;^l2^Alc^lo^ :g.^o)l ^sl-c^ >i^t}-t:l-. 

<75> ^on:^o,iolE^(62)7> £9^1 I ^^]d\] o^o. ^«a^c4-(3)^ ^^a^ «yA>^ >^v 

71 n>olH.S ^lBl(64)<^l ti}-A>5l<H -S--^ ^Cl-ol^^(42)oll S^AV^Cf. tcJ-ej-A-l , ojAl-^ 
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<76> nsiq., #ofl^o]]olEi(62)^ 7>^^(625)sq- J1^^(624)<H1 ^<H^7fl 

, A-lS ol^o] ^-g-^l-a^, £92] n^Jf 7>-^-^(625)7> JL;^^-^(624)ofl 7>^7ll ^ '^l'^^ 

<77> <a^cf(3)oilA-l oj^].^ :^o. ^v^^ v}o]3,s. xi]E.](64M ^^}s\o] ^7] ^cfojis. 

:^(42)oflAi 91M-7>71] ^gA>^Cf. ^S]^>o^, ^^7] ^Cfo] ^^(42)71- ^^^}^ <^^^ # 

<78> H^JL, 71-^:^(625)^ Jl^-^(624) A>oloi] :^<^^ ^^o. ^o^^T^vJ)., ;^*>^ 

^iTl^V^, 7>-S-^(625)fe ^efl^ ^^^cf. 
<79> £10 ifl;^l £13^ ^ ^v,^£l ;^l3^Alc^lo^ ^2:^ iAitv ^o.^Al, £10^ 7>^ ^y^^ 

7l ^^1^ ^ ^<d7l5l Al-AliE, £11^ £10^ ^i:q-oliJ.JE.2l A>Al£, £12^ £10^ 7}^ 
Al-Al£, £13^ £10^ ^^^1^ A>Al£o]t:f. 

MEMS 7l#^ «^l-§-^H ^^^^ ^^^7l(2)5!f, >a-7l ^^il7l(2)^ ^^1^ ^ 

^^^(3)4. ^SJ^^(3)ollAi <y^^ 33-0] ^c]^ «j-*j:o^ .^V7i ^«]i^l(i)si ^l^ofl 
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S.^^i75)o] ^7] ^i2}-^(75)2] ^^oflfe :^Ay7^ ^a^^ ^Afa] (76)7}- ^^^^ 

(71)7> >^7l ^i]7l ^^«.(73)^ w>^-^oil:£ ^^^71(2)1- Jl^^ ^ 9X^^ 

(71)7V ^^l^cl-. 

<84> ^7] :f^Al«.(4)^ ^t:1-<^1^^(42)S. ^^^51^^. ^7] ^£4^(75)^ ^^'=>\] ^ 

^1^^, ^71 «]:A>PlE-l(76)'HlA^ ^^>5l^ ^^>^<^1 ^i:1-<^l^^(42)<>ll "^AVsliE^ ^^Itb^^. 

<85> o]^^ o. ^<a^>JL ^<a^>i:1-. 

<86> ii4 i^^l il9^ ^ ^I4^>>lc>^l2l ^2:1- iigo.^A-]_ il4^ 7}^ 

^7l ^^^7lSl A>Al£, :£15^ £14^ 7}^ ^^4:171 ^1 ^ ^^^7lS^ 5§^£, H 

16^ H15S] ^^>Jd XVI-XVlofl ^^S.. £17^ sua) A>Al:£, 5.18^ S14 

^ ^^4^7]^ £19^ £14^ ^iffl^H ^>^l:E<^lt4. 

<87> ^ ^xgo^ ;5l]4^Alo^l5] 7}^ ^^^1 7] ^^1^ ^^-^17]^ ^^^UD^^-, ^7] ^^^KD 

^ >^^ofl MEMS 7l#^ ol-g-*>c»i :^^a:l7l(8)S}-. ^7] ^^^7]i8)^ '^^^] 

^^]^ ^^^^(3)4. ^7] ^'^^^^i3M^^ ^<^1 ^^>Sl^ ^^71 ^iffl^l(l)^ 

<88> .^71 ;ffl4-^Alo^l^ ^^fll^Alc^lS!]- ^7] ^<a^^(3)^ ^^]^, ^^^7l(8)sl ^^jo] ^ol 

<89> :g-^i)7l(8)^ ^>«. 7l:&#(211)I2f. ^^71 ^1-^ 7l:&f^(211)^ '^^<^1 oL^ 

§^(212)54, al^#(212)Sl ^V«.oil ^v:^ 7l^#(213)-2-S 
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-B- "Lv^^i^(83)oi ^^^sio^. 41-71 ^<^^^^o^ ^o]]X] q-^ ^v^^m 

7] 91^^(83)^] ^*a^^(31)ol oV^}-^ ^<U^^(31) ^7] ^^o]SL^(42m wl-ej-i^s. 

<93> £.20a ^ £205^ ^ ^^]^ ^g^^olcf. 

<94> £20a<^l ^^], ^<?]^^(3)* l-^B^^ ^l-^Qi-(84)<^l 

^>^5lol ^cfol^c (42)611 ^A>sl;^l 

<95> ne-iq-, #^-^oflolEl(22)^ 7>^-^(225)sl- JI 224 )<^1 ^*H^7ll 

, MS. <?l^ol ^-g-^>orl, £l9b^ ^ol 71-^-^(225)71- Jl^-f-(224)ofl 7>^7fl ojJ^^ ^>c^ ^ >^ 
7l 7]-^-^(225)<Hl "^l^^l ^>^^(84)£ i20b^ *l-«j--2-S. ^1^^^ ^}p\] ^v].^ 

<96> i45^->H. 'a^^(3)oilA-l <aAl-^ >^7l ^>^q-(84)<Hl SlsJl ^m^ln^, 

^^71 ^t:l-oliJ.jE.(42)<Hl ^A>^cf. 

<97> n.^JL, 7}^^i225)S^ Jl^^^(224) AHofl :^<^^ ^o^^T^ul-. ^^V* ^l^l^V^ 

, 7l-^-f-(225)^ -£20a<^l ^£fl^ ^^1^ ^^^cf. 

<98> l4ef^i, ^^4:171^ 7>-S-^SJl- JL^^d]] ^oj-ofl o]gfl ^ ^r^^^^ 7}^^0_S. -g- 
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^^1^ ^^^y]m =r ^4. stir. <a^^3l ^^17> ^ o] 

^^]<^M^^ ^^^^ '^}^^. 71^1]^ vfloflAi ^^^> 

<101> o]^6\]A^ ^T^^ H]-^ ^ ^'^^ ^^]<AM Al-%V^ i^^>^ Cf 

<102> ^^-1^ ^ ^Vt^^ Wi)7ll- ^^^7] ^ %^<07loll 7fl^^<y ^ 

^T^Eioll o^Sfl ol^^V^ ^<H1 Wl^fl ^3ll7> ^7i^l #01*711 5] H , 7V^^M 

<i04> zielJi, ^^il7l^ 71-^^sf j7^^«-ofl ^e^^ xi<y-oii o^^fl ^ ^i]^-g- 7>^^ o.^ -g- 
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l^i^^^ 11 

^^6\] Cfol^S. ^-§-^31- ^^4:171 ^-§--^7} ^^^^ ^^^1^1-; 

^7l ^^^7] ^^^^^ ^^t}^^ ^^^^ ^^^7l 

JL^^o] o^^7}^^}x^ %^^d^7]$] ^'^S^^ollAi og^^ :^ol >^l-7l S^^VSl^ 
2] 

3] 

^71 ^^^^^ ^7] pl.^li^^ tifl^lS]!^, >a-7l Sl-^;^!]^ >a-7l ^^^^^ 

^^^^ ^^1-2.3. *>fe 7>^ ^^4:|7l -^^l^ ^^^7l. 
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